ABSTRACT Low triiodothyronine (T3) and high normal thyroxine (T4) concentrations are present in cord sera from full term infants. To examine this phenomenon further, radioimmunoassay of T3 and T4 was carried out in paired maternal and cord sera as well as capillary sera from neonates at different intervals after delivery. Free T3 and free T4 concentrations were also estimated in cord and maternal sera by equilibrium dialysis. In 12 paired specimens, the T3 concentration in cord sera was significantly lower than the maternal level (51±4 vs. 161±11 ng/100 ml, mean +SE). Mean free T3 concentration was also lower in the cord samples (0.15±0.02 vs. 0.31+0.04 ng/100 ml), whereas total and free T4 concentrations were not significantly different. Umbilical vein and artery samples from 11 neonates did not differ significantly in their T3 and T4 concentrations. In seven infants the mean T3 concentration increased from 51±3 ng/100 ml at delivery to 79±13 at 15 min and 191±16 at 90 min. In four other infants the mean T3 concentration at 24 and 48 h was ,not significantly different from the 90 min value of the previous group. Less pronounced changes were observed for T4 which increased from 12.3±2.0 Ag/100 ml (mean +SE) at delivery to 14.1±1.9 at 90 min and appeared to have reached a plateau at approximately twice the cord value by 24-48 h after delivery.
INTRODUCTION
We have recently reported that the concentration of triiodothyronine (T3) 1 in cord sera from full term infants is in the range observed in hypothyroid adults while thyroxine (T4) levels are in the high normal adult range (1) . The reason for this discrepancy is not immediately apparent. In order to examine this phenomenon more closely and to determine whether free T3 concentration was also decreased, paired maternal and cord sera as well as capillary samples from neonates were examined. In addition, the relative changes in T3 and T4 in the neonate were compared during the period of endogenous thyroid stimulating hormone (TSH) release which normally occurs at the time of delivery (2) .
METHODS Serum samples were obtained from patients at Magee
Women's Hospital, Pittsburgh, Pa., after informed consent of the mother. All were normal pregnancies with either vaginal delivery or elective cesarian section. Maternal samples were taken immediately after delivery or just before hysterotomy. Cord samples were usually obtained by direct puncture of the umbilical vein or artery. Capillary blood from infants was obtained by heel puncture, 400 .l of serum being adequate to measure total T3 and T4 levels.
Ts immunoassay. Radioimmunoassay of T3 was performed as previously described using 50 and/or 25 Al of serum (1) . Incubation and antiserum dilution were adj usted to allow displacement of 10-20% of the tracer T, by 12.5 pg .4lbbreviat ions used in this paper: DFTI, dialyzal)le fraction of T.,; DFT4, dialyzable fraction of T4; T,, triio(lothyronine; T4, tbyroxine; TSI I, thyroid stimutlatin"g hor- T3  DFT3  FT3   T3   DFTa  FTs  T4  DFT4  FT4  T4  DFT4  FT4 ng/1OO ml % ng/1OO ml ng/1OO ml % ng/10J ml A1g/JOO ml % ng/lOOml ug/1OO ml % ng/100 ml RESULTS Ts and T4 concentrations in maternal and cord serum. Mean maternal T3 and T4 concentrations were 161 ng/ 100 ml and 12.9 lg/100 ml, slightly above our normal range for both hormones. The mean Ta value in cord blood was 51 ng/100 ml, significantly lower than the mean for the paired maternal values (P < 0.001). The individual pairs are depicted in Fig. 1, and (Table I) . Nevertheless, the mean free T3 concentration in the cord sera was 0.15 ng/100 ml, less than one-half of the value in the maternal sera (P < 0.005). Despite the slightly higher dialyzable fraction of T4 in cord sera (0.016% vs. 0.011%), the free T4 concentrations were not significantly different in the two groups.
Changes in, serum Ts and T4 concentrations in infants following delivery. As early as 15 min following delivery, slight but statistically significant increases in T3 concentrations were observed (Table II) . The mean T3 concentration in these infants was 79 ng/100 ml at 15 min as opposed to 52 ng/100 ml at birth. However, a marked increase in the mean total T3 level to 191 ng/ 100 ml was observed at 90 min after birth, an almost fourfold increase over the mean cord level. In the case of T4, the changes observed within this period were less pronounced so that by 15 min no significant increase was detected. By 90 min, the T4 concentrations were significantly elevated (14.1 vs. 12.3 itg/100 ml at birth). In the four other infants in whom T3 concentrations were measured at 24 and 48 h, the levels were significantly elevated over the cord value (Table III) . The mean value of 191 ng/100 ml at 48 h did not differ statistically from the value of 262 ng/100 ml at 24 h. In the case of T4, the 24-h levels were almost twice those at delivery and were essentially unchanged through the next 24 h. Tables  II and III. A composite representation of the relative increments observed at the various times studied shows the differenees in the magnitude of the changes for total T3 and T4 concentrations (Fig. 2) . There is a mean increment of 50% in total Ts content at 15 min, while at 90 min the T3 concentration is 300-400% of the cord value. There appears to be no further significant increment at 24 or 48 h. In comparison, the T4 concentration increased more slowly and appeared to plateau at 24 h at a maximum value which was 190% of the cord level.
DISCUSSION
The low total T3 and high normal To concentrations found in these cord sera are similar to our previous observations in a smaller group (1). Hotelling and Sherwood, using the Sterling technique for T3 measurement, have also reported that total T3 concentration is lower in cord than in maternal sera, though the absolute values reported were higher than those we have obtained (4). The mean T3 concentration in cord sera is near the mean we have observed in patients with primary hypothyroidism (39±21 ng/100 ml, SD) and appears to be the same in both umbilical artery and vein. The dialyzable fractions of T3 in maternal and cord sera reported here are in agreement with previous studies by Dussault, Row, Lickrish, and Volpe, though our total Ts values are much lower due to technical improvements that have occurred since the earlier studies (5, 6) . The mean free T3 concentration in the cord sera, calculated from the total T3 and dialyzable fraction, is less than one-half of the maternal level as opposed to the free T4 concentration which is not different. The maternal-fetal gradient for free T3 indicates there is a placental barrier to the movement of T3 from mother to fetus. This finding supports previous evidence suggesting that placental transfer of T3 in the human is incomplete. Earlier reports have shown that in order to cause significant suppression of fetal serum T4 concentration, quantities of T3 greatly in excess of physiological requirements (150-300 pg/day) must be administered to the mother (5, 7) . Along with the previous demonstration of higher levels of TSH in fetal, as opposed to maternal serum, the maternal-fetal free T3 gradient is evidence consistent with the hypothesis that the fetal thyroid-pituitary axis functions independently of the mother (8) .
The explanation for this phenomenon is not apparent. Current estimates suggest that as much as 40-70% of the circulating Ts in the adult is derived from peripheral T4 to T3 conversion (9, 10). Therefore, the low T3 level in cord sera could be due to a decreased peripheral T4 to T3 conversion in the fetus. Alternatively, it could be due to a lack of T3 secretion by the fetal thyroid due either to decreased T. release or preferential synthesis of T4 in utero. The latter explanation appears to be unlikely in view of the extremely rapid increase in T3 concentration observed in the first 90 min of life. This, in turn, probably results from the increased secretion of TSH which occurs at birth with peak levels found at age 30 min (2) . If so, it would appear to be indicative of adequate thyroidal T3 stores. If the rapid increase in Ts concentration were to be derived from a rapid increase in T4 to T3 conversion, the rate of this process would have to be severalfold greater than the rate in adults to account for the abrupt increase in Ts concentration. Furthermore, T4 to Ts conversion would have to decrease just as rapidly to account for the steadily increasing ratio of serum T4 to serum Ts after age 1-2 h, when significant increases in the serum T4 concentrations begin to appear (Fig. 2) . The interpretation of these increases in serum T3 and T4 concentrations observed after birth as being a result of endogenous TSH secretion is made more attractive by the similarity of the pattern of these changes to the relative increases in serum To and T4 in adults following exogenous TSH. In the euthyroid adult, the relative increase in serum T3 concentration is also greater and earlier than the increase in the serum T4 concentration (1, 10) . While this analysis would appear to be valid in general, final determination of the relative changes in the actual secretion rates of T3 and T4 cannot be made without knowledge of the metabolic clearance rates of both hormones during this period.
It is possible that the low free Ts concentration in fetal serum could explain the slight elevation previously observed in fetal serum TSH in the presence of normal free T4 levels (8, 11) . It is also possible that this low free Ts triggers the TSH release at delivery. However, this interpretation implies an abrupt change in the hypothalamic-pituitary sensitivity to free Ts levels from the state which exists prior to delivery. Whether or not such a change occurs is an area for current speculation and further study.
